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Introduction. 

-o- 

(1) 
In  1880  Elfinder  tried  the  action  of  urea  upon  ben- 

zenesulphone  chloride.   He  heated  the  chloride  and  urea  in 
the  proportion  of  one  molecule  of  the  former  to  three  mole- 
cules of  the  latter  at  100°  and  obtained  a  well  crystalliz- 
ed body  of  the  following  composition. 

C.H^  SN^H^C.O^. 

Two  molecules  of  urea  entered  into  the  reaction  with 
the  elimination  of  vmter  and  hydrochloric  acid.    He  con- 
sidered that  one  molecule  of  urea  reacted  with  the  chlorine 
atom  splitting  off  hydrochloric  acid,  while  a  second  mole- 
cule of  urea  attacked  the  oxygen  of  the  sulphone  group  with 
the  elimination  of  water.   He  expressed  the  str\3,cture  of 
this  compound  as  follows; 

C^H^SO^Cl  +  2  H3N  CO  MH5  = 

^   HN  CONH^ 
C^II^SO—  HN  -;;  CO   +   HCl  +  H^O, 

^  HN  ""^ 

considering  it  an  analogue  of  pyruvile  and  allantoin 

^   HNCONHa  ^  HN-CO  HH^ 

C  Hj  -  C  —  HN  CO  CH  ' 

"-CO-HN^  \  ^HN^ 

CO-  HN-' 


As  the  oxygen  of  the  sulphone  group  is  removed  only 
with  great  difficulty  it  seemed  very  improbable  thnt  the 
above  reaction  should  take  place.   This  work  v/as  recently 
repeated  in  this  laboratory  and  entirely  diffei'ent  results 
obtained.   The  seme   method  of  proceedure  was  followed  and 
the  same  substance  isolated.   This  compound  on  boiling  with 
fuming  nitric  acid  broke  down  into  benzenesulphonic  acid 
and  nitro^guanidine.   On  hydrolysis  with  dilute  hydrochlo- 
ric acid  or  barium  hydroxide,  ammonia  and  carbon  dioxide 
\¥«(S  given  off,  and  the  final  product  obtained  was  the  guani- 
dine  salt  of  benzene  sulphonic  acid.   These  two  reactions 
can  only  be  explained  by  the  following  structure 

a. 
(I 
N-CONH^. 

With  fuming  nitric  acid  this  gives 

Cj^II^SO^OH  -t   H^N-C-NHNO^ 

il 

Nil 

and  by  hyd:'olysis 


II 

N    CONK. 


II 

NH 


One  molecule  of  urea  enters  into  reaction  with  the 
chloride  ^and  the  second  urea  molecule  attacks  the  oxj'-gen  of 
the  urea  residue  with  the  elimination  of  water. 

In  view  of  these  interesting  results  the  action  of 
urea  upon  the  chlorides  of  orthosulphobenzoic  acid  was  tri- 
ed and  the  results  obtained  are  given  below. 

PREPARATION  OP  MATERIALS. 

Chlorides  of  Orthosulphob enzo i c  Acid. 

As  the  method  of  preparing  these  chlorides  has  been 
subject  to  numerous  changes  it  seens  best  to  give  a  brief 
account  of  it  here.   The  saccharinlf  now  obtained  on  the 
market  is  very  nearly  pure.   Tv/o  hundred  grams  are  rlaced 
in  a  large  evaporating  dish  witli  three  liters  of  water  and 
250c. c.  of  hydrochloric  acid.   This  mixture  is  then  boiled 
fcr  five  or  six  hours,  keeping  the  volume  constant,  until 
the  sweet  taste  of  saccharin^;^  has  entirely  disappeared.   It 
is  then  evaporated  to  about  one  liter,  allowed  to  cool, 
filtered  and  evaporated  to  dryness.   The  acid  ammonium  salt 
of  orthosulphobenzoic  acid  thus  obtained  is  washed  with  al- 
cohol until  perfectly  white.   It  is  then  dissolved  in  enough 
water  so  that  the  hot  solution  is  about  half  saturated,  al- 
lowed to  cool  and  a  little  more  than  the  required  amount. 


two  molecules  of  potassium  hydroxide  added.  When   cold  the 
addition  of  hydrochloric  acid  precipitates  the  acid  potas- 
sium salt  of  orthosulphobenzoic  acid  in  white  plates.   Prom 
the  filtrate  on  evaporation  more  of  the  acid  potassium  salt 
can  be  obtained. 

Fifty  grams  of  the  dried  acid  potass  iujn  salt  are 
placed  in  a  large  mortar  with  2  I/2  molecules  of  phosphorus 
pentachloride  and  the  mixture  intimately  ground  until  reac- 
tion ensues.   The  resulting  oil  is  then  transferred  to  an 
evaporating  dish. and  placed  on  a  steam-bath  for  several 
hours,  until  most  of  the  phosphorus   oxychloride  has  dis- 
tilled off.   It  is  then  poured  into  a  large  bottle  contain- 
ing ice_water  and  shaken  vigorously.   After  shaking  v/ith 
several  changes  of  v/ater  ,it  is  ready  for  further  use. 

To  obtain  a  mixture  of  the  dry  chloride  the  oil  is 
placed  in  a  mortar  with  cracked  ice  and  ground  until  it  be- 
comes solid.   It  is  then  filtered,  washed  with  ice-v/ater 
and  pressed  between  drying -paper ,  care  being  taken  not  to 

touch  the  product  or  have  anything  warm  near  it  as  the  mix- 

o  '^^ 

ture  melts  at  21  .  It  is  then  dried  in  a  desftio^ator  in  a 

cool  place.   Ono  hundred  grams  of  the  mixed  chlorides  con- 
tain about  sixty  grams  of  the  unsymmetrical  chloride. 

To  obtain  the  symmetrical  chloride  the  oil  is  at 


once  dissolved  in  ether  and  transferred  to  a  large  separa- 
ting-funnel  containing  ice  and  water.   Ai-:imonia  is  then  ad- 
ded till  after  shaking  for  a  few  minutes  the  presence  of 
ammonia  is  still  detected.    Hydrochloric  acid  is  then  ad- 
ded to  neutralize  the  free  ammonia,  the  ethereal  solution 
washed,  separated  and  dehydrated  with  calcium  chloride.   On 
evaporating  off  the  ether  the  chloride  is  obtained.   This 
can  be  obtained  perfectly  pxire  by  crystallizing  from  pure 
ligroin(b.pt.  90°-  125y. 
The  product  melti: 

the  unsjnnmetrical  chloride  has  been  shown  to  be  a  mixture 
(1) 
of  the  two  chlorides.    The  pure  uns^mimetrical  chloride 

melts  at  40°  and  is  prepared  as  follows:   The  neiitral  po- 
tassium salt  of  orthosulphobonzoic  acid  obtained  by  neutral 
izing  the  acid  potassixim  salt  with  potassium  hydroxide  is 
heated  in  a  sealed  tube  for  four  hours  with  1  l/2  molecules 
of  phosphorus  oxychloride  at  135  \   The  product  is  trans- 
ferred to  a  mortar  ground  up  with  several  changes  of  ice- 
water,  filtered,  dried  and  crystallized  from  pure  ligroin. 
The  yield  is  about  fifty  per  cent. 

A  mixture  of  these  chlorides  has  the  property  of 
crystallizing  apparently  as  a  chemical  individual.   It 
(1)   B,  11,  1898,  p. 1653. 


is  not  changed  by  further  crystallization. 

Chlorides  of  Paranitroorthosulphobenzoic  Acid. 

The  symmetrical  cliloride  of  paranitroorthosulphoben- 
zoic acid  '.'.'■as  prepared  as  described  by  Rernsen  and  Hender- 

(1) 
son. 

In  the  preparation  of  the  unsjrfiimetrical  chloride  the 
i"r?3u1 1"s  of  Remsen  and  Hollis   ^-j-er^  not  followed.   A  much 


better  method  of  preparation  was  as  follows:   The  neutral 
potassiiim  salt  of  paranitroorthosulphobenzoic  acid  is  heated 

with  1  1/2  molecules  of  phosphorus  oxychloride  in  a  sealed 

0 
tiibe  for  four  hours  at  135  .   The  product  is  then  transfer- 
red to  a  mortar  groixnd  up  with  several  changos  of  ice  wa- 
ter, filtered,  dried  and  recrystallized  fropi  pure  ligroin. 
Only  the  u.nsjTnmetrical  chloride  was  obtained  and  was  iden- 
dical  wit'i  that  described  by  Plollis.   The  reaction  is  a 
very  clean  one  with  a  uniform  yield  of  fifty  per  cent. 


(1)  Inaug.  Diss.  J.H.U.  ,  1897. 

(2)  Inaug.  Diss.  J.H.U.  .  1896. 


ACTION  OF  UREA  ON  THE  CHLORIDES  OF  ORTHO- 
SULPH03ENZ0IC  ACID. 

Symmetrical  Chloride* 

A  mixture  of  the  symmetrical  chloride  with  urea  in 
the  proportion  of  one  raolecule  of  the  former  to  four  of  the 
latter  was  heated  in  a  test-tube  at  various  temperatures. 
V/hen  heated  over  a  free  flame  or  above  the  melting-point  of 
urea   violent  reaction  took  place  with  a  considerable  evolu- 
tion  of  heat,   Hydroc^iloric  acid  g*tft  given  off  and  a  con- 
siderable quantity  of  biuret  was  formed.   As  the  heat  of 
the  reaction  was  sufficient  to  destroy  any  urea  residue  no 
attempt  was  made  to  isolate  the  products. 

When  the  mixture  was  heated  at  100  ^the  reaction  pro- 
ceed^d  very  slowly  and  quietly  without  the  evolution  of 
heat.   A  mixture  of  the  chloride  and  urea  in  the  proportion 
of  one  molecule  to  four  was  heated  for  several  days  at  100 
in  a  test«tube.   At  first, the  mixture  became  liquid,  form- 
ing two  distinct  layers.   Stirring  greatly  facilitated  the 
reaction.   In  the  course  of  a  few  hours  the  mixture  became 
pasty, and  stirring  was  necessary  in  order  to  insure  a  tho- 
rough mingling  of  the  two  constituents.   At  the  end  of  two 
davs  the  mass  became  hard.   A  little  hydrochloric  acid  was 


given  off  during  the  experiment. 

The  hard  cake  formed  was  then  dissolved  in  hot  water 
On  cooling  there  separated  out  a  small  quantity  of  a  sub- 
stance soluble  in  hot  but  sparingly  soluble  in  cold  water. 
This  body  contained  no  sulphur  and  appeared  to  be  biuret. 
The  mother-liquor  on  concentration  yielded  a  very  beautiful 
crystalline  substance  and  small  qi^antities  of  ammonixxm 
chloride.   This  substance  had  a  strong  cryst'^llizing  power 
and  usually  appeared  in  long  colorless  monoclinia  prisms. 
It  melted  at  266°,  was  moderately  soluble  in  vrater,  but  in- 
soluble in  alcohol  or  ether.   It  acted  like  an  ai'imonium 
salt  giving  off  ar.imonia  in  the  cold  with  weak  alkalies. 
The  yield  was  about  fifty-five  per  cent  of  the  theoretical 
and  no  other  product  was  obtained, 

Unsymmetrical  Chloride. 

The  same  method  of  proce|*dure  was  followed  with  the 
unsyi-'imetrical  chloride.   The  chloride  with  urea  in  the  pro- 
portion of  (jne  molecule  to  four  was  heated  in  a  test-tube 
at  100°for  several  days.   Reaction  took  place  mxich  more 
quickly  than  with  the  symmetrical  chloride.   The  resulting 
prodvxct  was  dissolved  in  hot  water.   On  cooling  there  sepa- 
rated out  a  small  quantity  of  a  siibstance  soluble  in  hot 


but  sparingly  soluble  in  cold  water.   This  bodj^  contained 
no  sulphur  and  was  identical  with  that  obtained  from  the 
sjonmetrical  chloride.   Prom  the  mother^liquor  on  evapora- 
tion there  crystallized  out  the  sane  characteristic  mono- 
clinic  prisms  as  were  obtained  from  the  symmetrical  chlo- 
ride and  a  small  quantity  of  ammonium  chloride.   This  sub- 
stance melted  at  2G6°was  moderately  soluble  in  water,  in- 
soluble in  alcohol  or  ether.   It  gave  off  ar.'imonia  in  the 
cold  with  weak  alkalies,  and  v/as  identical  with  the  product 
obtained  from  the  symmetrical  chloride.   The  yield  was 
about  fifty-five  per  cent  of  the  theoretical.  On  analysis, 
it  gave  the  following  composition  C  H  SO^  C^  II  Mj  : 

Theory  Foiind 

C      36.75  36.61  36.70 

H       4.22  4.29  4.28 

S       12.27  12.31  12.38 

N       16.14  16.34  16.10 

It  proved  to  be  the  aimionium  salt  of  benzoylureaor- 
thosulphonic  acid. 

^   CO  HNCONH^ 
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Action  of  Hi^drochloric  Acid. 

On  boiling  with  dilute  hydrochloric  acid  the  amno- 
nium  salt  was  hydrolazed  to  the  acid  ammonium  salt  of  or- 
thosulphobenzoic  acid.   This  on  treatment  with  potassium 
hydroxide  gave  of f  ammonia  and  on  acidifying  with  hydrochlo- 
ric acid  gave  the  characteristic  acid  potassium  salt  of  or- 
thosulphobenzoic  acid. 

Action  of  Potass ivun  Hydroxide. 

The  ammonium  salt  was  boiled  with  a  dilute  solution 
of  potassium  hydroxide  for  six  hours.   Ammonia  was  constant- 
ly given  off,  s>:0'ving  a  slow  hydrolysis.   On  evaporating 
the  solution  there  separated  out  the  potassium  salt  of  or- 
thobenzaraine'^sulphonic  acid.   This  salt  was  very  soluble  in 
water  and  crystallized  in  monoclinic  plates.   It  contained 
one  molecule  of  water  of  crystallization  and  was  identical 

with  the  potassium  salt  of  orthobenzaminesulphonic  acid  de- 

(1) 
scribed  by  Remsen  and  Karslake.    This  showed  that  the  urea 

residue  was  in  the  carbonyl  group, 

6.1339g.  gave  .0096g,  H^ 0 

0,1546g.  gave  ,0111g.  H^  0 

0  .2099g.  gave  .0769G.  K, SO^ 

0    .1386g.  gave  .0505g,  K^SO^ 

(1)   Am.  Chem.  Jour.  18,  826. 
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Calculated  for  C.U^^  „.    .^,      ^   HO 


Action  of  Barium  Hydroxide 

A  solution  of  the  ammoniiom  salt  was  treated  in  the 
cold  with  an  excess  of  barium  hydroxide.   Ammonium  was  giv- 
en off  and, after  allowing  the  solution  to  stand  for  some 
time  J  the  excoss  of  bariiom  hydroxide  was  removed  by  carbon 
dioxide.   Prom  the  filtered  solution  on  evaporation  timers 


separated  out! crystals  of  the  barium  salt  of  benzoylureaor- 
thosulphonic  acid/.   This  salt  was  sparingly  soluble  in  wa-. 
ter  and  separated  out  in  clusters  of  transparent  diamond' 
•shaped  crystals.   It  crystallized  with  two  molecules  of  wa- 
ter of  crystallization  and  effloresced  on  exposixre  to  the 
air  becoming  opaque. 

0,3346g.  gave  .OlRlg.  H^  0 

(}.2109g.  gave..0110g.  H^O 

0   .1998g.  gave  .0742g.  Ba  SO^ 

D   .1972g.  gave  .0732g.  BaSO^ 
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Calculated  for    (C,  H^  <;^JJ"JJ^^^-^"2  Ba  w-    ZK^O 


Theory  Found 

2II3O         5.47  5.40         5.22 

Ba      21.98  21.82      21.80 


Benzoylureaorthosulphonic  Acid. 

This  acid  was  made  by  treating  the  barium  salt  with 
an  equivalent  amount  of  sulphuric  acid.  It  issPS  a  strong 
acid  extremely  soluble  in  water,  separating  out  as  a  silky 
mass  only  when  the  solution  was  evaporated  to  a  thick  syr- 
up. No  attempt  was  made  to  analyze  it  and  from  a  study  of 
its  salts  its  gnmt  itniLluM  proved  to  be 

C  H^-COHN  COIIII2 
^    ^  ^  SO2  OH 


Potass ivim  Salt. 

This  salt  was  made  by  neutralizing  the  free  acid 
v/ith  potassium  hydroxide.   It  was  moderately  soluble  in  wa- 
ter and  separated  out  in  especially  well-defined  ^colorless^ 

monoclinic  prisms.   It  contained  no  v/ater  of  crystalliza- 

o 
tion  and  melted  at  2S6  . 
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^.2406   g.    gave/.0740   g.    K^SO^ 
/7.2465   g.    g=ave/.0753   g.    K^SO^. 

.^COHN   CONH 


Theory  Found 

K   13.85  13.80    13.71 

Sodium  Salt  - 

This  salt  v/as  made  by  neutralizing  the  free  acid 

with  sodium  hydroxide.   It  separated  out  in  thick ^opaque^ 

poorly  defined  prisms .apparently  of  orthorhombic  habit. 

It  was  quite  soluble  in  water,  contained  one  molecule  of 

v/ater  of  crystallization,  and  effloresced  on  exposure  to 

the  air. 

d.6932  g.  gave  .0430  g.  B^O 

.5936  g.  gave  .0369  g.  H^ 0 

.1826  g.  gave  .0436  g.  Na^SO^ 

.2274  g.  gave  .0606  g.  Na^ SO^ 

^COHN  coim^ 
Calculated  for  C^  FL  i   H^O 

^SO^ON^ 

Theory  Pound 

6.20   6.22 
8.66  -  8.59   8.62 


1-4 


Lead  Salt 

This  salt  was  made  hy   neutralizing  the  free  acid 
with  lead  carbonate.   It  was  very  soluble  in  water  separat- 
ing out  in  clusters  of  thisr»  transparent  tabular  plates. 
The  crystals  were  not  well  defined,  contained  three  mole- 
cules of  water  of  crystallization  , and  effloresced  on  ex- 
posure to  the  air,  becoming  opaque. 
6.5148  g.  gave  .0371  g.  HjO 
.3417  g.  gave  .0254  g.  H, 0 
.1693  g.  gave  .0746  g.  pb  SO^, 
.1742  g.  gave  .0770  g.  pb.  SO^ 

COHN  CONH. 


Calculated  for  (C^H^'^  '^  j  '^b  -  3H^0 


Theory  Found 

3Hj  0         7 .  24  7 .  20         7.43 

'^b      29.85  30.00      30.05 


Copper  Salt 

This  salt  was  made  by  dissolving  freshly  prepared 
copper  oxide  in  the  free  acid.   It  was  moderately  soluble 
in  water,  crystallized  in  clusters  of  long  blue  prisms  and 
contained  six  molecules  of  water  of  crystallization. 
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.1957   g,  save    .0324   g.  H^ 0 

.2585   g.  gave    .0422   g.  H^ 0 

.2010   g.  gave    .0292  g.  OiiO 

.2161   g.  gave    .0315   g.  CuO 

^COHN  comig    ) 
Calculated  for    {    0^  H .  )      Cn-^    611^0 

"^SO^   0  )^ 

Theory  Found 

SHjO      16.45  16.60      16.33 

Cu   11.52  11.59      11.62 


Silver  Salt 

This  salt  was  prepared  by  dissolving  silver  oxide  in 
a  solution  of  the  free  acid.   It  igacs  moderately  soluble  in 
water,  crystallize*  in  clusters  of  thick-pointed  poorly  de- 
fined prisms,  contains^  no  water  of  crystallization  and 
darken^  on  exposure  to  the  light. 

.218cS  g.  gave  .0675  g.  Ag. 

.2130  g.  gave  .0658  g.  Ag. 

,  COIIN  CONH^ 
Calculated  for  C  H 

^^SO^  OAg 

Theory  Pound 

Ag   30.74  30.85   30.90 
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Several  explanations  fior  the  formation  of  the  amino- 
niiom  salt  of  benzoylureaorthostilphonic  acid  are  possible. 
It  is  a  secondary  product  formed  after  the  heated  mass  had 
been  dissolved  in  water.   The  hydrocliloric  acid  in  the 
aqueous  solution  decomposed  the  original  compound  with  the 
formation  of  amnoniiim  chloride.   All  attempts  to  isolate 
the  original  prodijct  failed.   The  mass  of  chloride  and  urea 
after  heating  was  extracted  with  ether  and  chloroform, but 
nothing  was  obtained.   This  probably  disproves  the  theory 
that  the  chlorine  atom  of  the  carbonyl  group  was  acted  upon 
and  the  chlorine  of  the  sulphonyl  group  removed  by  subse- 
quent hydrolysis.   It  completely  dissolved  in  alcohol , show- 
ing that  the  ammonium  salt  was  not  the  original  compound. 
On  account  of  its  extreme  solubility  in  alcohol  or  water 
and  from  its  poor  crystallizing  power ^it  was  impossible  to 
separate  it  from  the  large  amount  of  urea  present. 

There  are  two  possible  theories  to  account  for  the 

formation  of  the  ammonium  salt.   One  molecule  of  urea  may 

have  reacted  with  one  molecule  of  the  chloride  to  form  a 

ureid  comround. 

/CO   ' 
C,H^       N  CON?I^ 

v;hich  on  hydrolysis  would  take  up  a  molecule  of  water  and 
give  the  free  sulphonic  acid.   This  with  the  ammonium  chlo- 
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ride  formed  from  the  decomposition  of  the  urea  by  hydro- 
chloride v/ould  give   the  ammonium  salt»    On  the  other 
hand,  two  molecules  of  urea  may  have  reacted  with  one  mole- 
cule of  the  chloride  to  form  a  di^ireid. 
/  COHN  CONHo 


The  urea  residue  in  the  sulphonyl  group  was  then  hy 
droLized  to  the  ammonium  salt.   This  latter  view  seems  the 


mo«  probable. 


ACTION  OF  UREA  ON  THE  CHLORIDES  OF  PARANITRO- 
ORTHOSULPHOBENZOIC  ACID. 

Symmetrical  Chloride 

As  a  rule  the  derivatives  formed  from  the  chlorides 
of  paranitroorthosulphobenzoic  acid  are  less  soluble  than 

the  corrnsponding  derivatives  formed  from  the  chlorides  of 

orthosulpho benzoic  acid.   In  vie'v  of  this  fact,  the  action 

of  urea  upon  these  chlorides  was  tried. to  see  if  some  of 

the  intermediate  products  of  the  reaction  could  not  be  iso- 
lated. 

A  mixture  of  the  chloride  and  urea  in  the  proportion 
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of  one  molecule  to  four  '-as  heated  at  different  tempera- 
tures.  When  heated  over  a  free  flame  or  above  the  melting- 
-point  of  urea  violent  reaction  took  place.   Hydrochloric 
acid  v/as  given  off  and  there  was  a  considerable  evolution 
of  heat.   As  the  heat  of  the  reaction  was  sufficient  to  de- 
stroy any  urea  residue  no  attempt  was  made  to  isolate  the 
products. 

A1 

etly  v/ithout  the  evolution  of  heat.   A  mixture  of  the  chlo- 
ride and  urea  in  the  proportion  of  one  molecule  to  four  was 
heated  for  two  days  at  100°.   At  first  the  mass  became  li- 
quid, forming  two  distinct  layers.   As  i.he  reaction  proceed- 
ed stirring  was  necessary  in  order  to  insure  a  thorough 
mingling  of  the  two  constituents.   Reaction  took  place  more 
slowly  than  with  the  symmetrical  chloride  of  orthosulpho- 
benzoic  acid. 

The  hard  cake  formed  was  dissolved  in  hot  water.   On 
cooling  th'^re  separated  out  a  small  quantity  of  a  substance 
soluble  in  hot  but  sparingly  soluble. in  cold  water.   It 
contained  no  sulphur  and  appeared  to  be  biuret.   The  mother- 
«liquor  on  concentration  yielded  small  quantities  of  ammoni- 
um chloride  and  a  well  crystallized  substance  of  a  pale 
lemon  color.   This  body  crystallized  in  diamond-shaped 


19 


plates  and  melted  at  273  •   It  v/as  moderately  soluble  in 
water,  insoluble  in  alcohol  or  ether.   It  acted  like  an  am- 
monium salt  .giving  off  ammonia  in  the  cold  with  weak  alka- 
lies.  The  yield  was  about  55°G  and  no  other  product  was  ob- 
tained. 


Unsymmetrical  Chloride. 

The  sarae  method  of  proce/S^dure  was  followed  with  the 

unsymmetrical  chloride.   Reaction  took  place  much  quick 

A- 

than  with  the  symmetrical  chloride.   The  resulting  product 
was  dissolved  in  hot  water.   On  cooling  there  separated  out 
a  small  quantity  of  a  siibstance  soluble  in  hot,  but  sparing- 
ly soluble  in  cold  water.   Thi^  body  was  identical  with 
that  obtained  from  tho  symmetrical  chloride  and  was  prob- 
ably biiiret.   From  the  mother-liquor  there  separated  out  on 
evaporation  the  same  diamond-shaped  plates  as  v.'ere  obtained 
from  the  symmetrical  chloride.   These  melted  at  2730,  vrere 
moderately  soluble  in  water  insoluble  in  alcohol  or  ether. 
This  body  gave  off  ammonia  in  the  cold  when  treated  with 
weak  alkalies.   It  contained  no  water  of  crystallization 
and  v:  as  identical  with  the  product  obtained  from  the  sj/mme*- 
rical  chloride.   The  yield  was  about  60X»   On  analysis  it 
gave  the  follov;-ing  results: 
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Theory  Found 

C      31.34  31.13 

H       3.27  3.36        3.31 

S      10.47  10.32       10.39 

N      18.36  18.38       18.50 

This  substance  proved  to  be  the  ainmonium  salt  of  pa- 
rani  t  rob  enzoylureaorthosulphonic  acid. 


coHN  com 

SO^ONH^ 
N0« 


Action  of  fuming  nitric  acid. 

This  salt  was  boiled  with  fioming  nitric  acid  to  see 
if  any  nitro-guanidine  was  for*med  as  would  bo  the  case  if 
one  of  the  urea  molecules  had  acted  upon  a  urea  residue. 
Nothing  but  the  acid  ammoniLxm  salt  of  paranitroorthosulpho- 
benzoic  acid  was  formed.   This  salt  cryst-illized  in  hexag- 
onal-shaped,  monoclinic  plates ^and  was  very  soluble  in  water. 
On  treating  a  solution  of  this  salt  with  potassiuin  hydrox- 
ide,ammonia  was  given  off  and  on  acidifying  Wreire /separated 
out)  the  characteristic  acid  potassiujn  salt  of  paranitroor- / 
thosulphobenzoic  acid^ 
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^   COOH 
Calculated  for  C^  H  ^  —SO^OHH^ 


Theory  Found 

NH^   6.43  6.39    6.38 

Action  of  Hydrochloric  Acid. 

On  boiling  with  dilute  hydrochloric  acid  the  aminoni- 

um  salt  was  hydroldged  to  the  acid  ammoniiom  salt  of  parani- 

troorthosulphobenzoic  acid.   It  was  identical  with  the  salt 

obtained  by  the  action  of  fixming  nitric  acid. 

/COOH 
Calculated  for  CTI^'— SO^ONH^ 

^  -  NO^ 

Theory  Pound 

m\j    6.43  6.51   6.41 

Action  of  Potassiuin  Hydroxide. 

The  ammoniuri  salt  was  boiled  with  an  excess  of  a  di- 
lute solution  of  potassium  hydroxide  for  six  hours.   Ammo- 
nia vas  given  off  during  the  entire  time  showing  a  slow  hy- 
drolys*s.   On  concentrating  the  solution  there  separated  out 
the   potassiiirn  salt  of  paranitroorthobenzaminesulphonic  ac- 
id.   This  salt  wfts  very  soluble  in  water,  and  separated  out 
in  thin  yellowish  plates.   It  contained  no  water  of  crys- 
tallization. 


22 


1983  g.    gave    .0604   g.      K^SOy 
2174   g,    gave    .0660    g.      K^SOy 


COHHa, 
Calciilated  for  C^HjSO^OK 


'NO. 


Theory  Found 

K     13.73  13.66     13.61 

Action  of  Barixam  Hydroxide. 

A  solution  of  the  amnonium  salt  was  treated  in  the 
cold  with  an  excess  of  barium  hydroxide.   Ammonia  was  given 
off  and  .after  allowing  the  soliition  to  stand  for  some  time^ 
ths  excess  of  barium  was  removed  by  carbon  dioxide.   From 
the  filtered  solution  on  evaporation  thore  separated  out 
crystals  of  the  bariujn  salt  of  paranitrobenzoylureaortho- 
sulphonic  acid.   This  salt  crystallized  in  small  yellow 
prisms  and  was  sparingly  soluble  in  water.   It  contained 
two  molecules  of  water  of  crystallization. 

.3815  g.  gave  .0178  g.  H^ 0 

.3864  g.  gave  .0182  g.  II._,0 

.2778  g.  gave  .0906  g.  B^SO^ 

.1678  g.  gave  .0546  g.  B^SO;>t 

COHN  CONH^ ) 
Calculated  for  (C^H.    SOgO      )  B^-<-  2H^0 
NOo        )  2 
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Theory  Found 

211^0         4.81  4.66  4.71 

B^    19.20  19.15        19.08 

Paranltrobenzoylureaorthosulphonic  Acid. 

This  acid  was  made  by  treating  the  barium  salt  with 
the  calculated  aiaount  of  siilphuric  acid.   It  'satB  a  strong 
acid  very  soluble  in  v/ater,  separating  out  only  when  the 
solution  \«SJ5  -vaporated  nearly  to  dryness.   Mo  attempt  was 
made  to  analyze  it. 

Potassium  Salt. 

This  salt  was  made  by  ne^^tralizing  a  solution  of  the 
free  acid  with  potass iiim  hydroxide  .  It  haS  a  marked  crys- 
tallizing power,  separating  out  in  clusters  of  long,  narrow 

to 

prisms  of  a  pale  yellow  color.   It  i9^"s  sparingly  soluble  in 
v/ater  and  crystalliz^  with  one  molecule  of  v/ater  of  crys- 
tallization. 

.3573  g.  gave  .0181  g.  K^O 

.5992  g.  gave  .0312  g.  HgO 

.3554  g.  gave  .0939  g.  K^  SO^^ 

.2289  g.  gave  .0612  g.  K, SOy 

' COHN  CONHo 
Calculated  for  0^113  -  SO^OK       f   11^  0 
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Theory  Found 

K^O         5.22  5.07         5.21 

K      11.94  11.85      11.97 

Sodium  Salt. 

The  sodium  salt  xas  made  by  neutralizing  a  solution 
of  the  free  acid  with  sodium  hydroxide.   It  w««  moderately 
soluble  in  water  and  of  a  pale  yellow  color.   It  fe*d  two 
habits  of  crystallization.   When  a  solution  of  the  salt  was 
cooled  quickly  it  separated  out  in  long  silky  needles  con- 
taining four  molecules  of  water  of  crystallization.   These 
gave  up  v.'ater  very  quickly  on  exposure  to  the  air.   When 
the  solution  v/as  cooled  slowly  the  salt  separated  out  in 
orthorhombic  prisms  containing  one  molecule  of  vrater  of 
crystallization   The  needles  on  standing  in  the  solution 
slowly  changed  to  the  orthorhombic  prisms. 

.2893  g.  gave  .0158  g.  H^O 

.2202  g.  gave  .0126  g.  H^O 

.3311  g.  gave  .0615  g.  H^O 

.2637  g.  gave  .0484  g.  H.,  0 

.2292  g.  gave  .0520  g.  Na^  SO^ 


1878  g.  gave  .0432  g.  Na^  SOy 

^  QOim   CONHg^ 
Calculated  for   C^K./- —  SO,ON.^ 
^^  NO4. 
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Theory  Found 

5.46    5.57 
18.58   18.36 
Na   7,39  7.33    7.40 

Lead  Salt. 

This  salt  was  made  by  neutralizing  a  solution  of  the 
free  acid  with  lead  carbonate.   It  'rss  quite  soluble  in 
water  separating  out  in  thick  poorly  defined  prisms  of  a 
pale  yellow  color.   It  cryst^llizsia  with  five  molecules  of 
water  of  crystallization  and  effloresced  on  exposure  to  the 
air, 

.1043  g.  gave  .0106  g.  H^O 

.2115  g.  gave  .0216  g.  H^O 

.1596  g.  gave  .0620  g.  pb  SO^ 

.2394  g.  gave  .0932  g.  pb  SO  ,^ 

,.,  COHN  CONH,  ) 
Calculated  for   (C  H„  -1- SO » 0     "  )   pb  ^  5PI0 
^-  NO2         )  J2 

Theory  Found 

5H^0     10.31  10.16     10.21 

pb     26.38  26.50     26.56 
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Copper  Sal t . 

This  salt  was  made  by  dissolving  freshly  prepared 
copper  oxide  in  a  solution  of  the  free  acid.   It  crystal- 
lizeft  in  small  blue  prisms,  jsare  quite  soluble  in  water  and 
contained  three  molecules  of  water  of  crystallization. 

.1437  g.  gave  .0109  g.  H_^0 

.1314  g.  gave  .0102  g.  H^ 0 

.2969  g.  gave  .0374  g.  CuO. 

.1691  g.  gave  .0170  g.  CaO 

COHN  CONH^  ) 
Calculated  for   (  C^H^-SO^O       )   Cu  -  31%  0 

'  ^  NO^ 

Theory  Found 

3H^0     7.78  7.59     7.76 

Cu     9.91  10.03    10.06 


Silver  Salt. 

The  silver  salt  -.ras  prepared  by  dissolving  silver 
oxide  in  a  solution  of  the  free  acid.   It  crystallized  in 
long  irregular  prisms,  v&hs  moderately  soluble  in  v/ater^  and 
contained  one  molecule  of  v/ator  of  crystallization.   It 
darkenet^  on  exposure  to  light. 
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.1732  g.  cave  .0072  g.  H^G 
.1622  g.  gave  .0444  g.  Ag 
.1433  g.  gave  .0392  g.  Ag. 

.  COKN  cnmi^ 

Calculated  for  C^U-^    —   SO^OAg     +  H^O 

~~~  NO, J 


The  aramoni-um  salt  of  paranitrobenzoylureaorthosul- 
phonic  acid  was  a  secondary  product  formed  after  the  heated 
mass  had  boen  dissolved  in  water.   The  hydrochloric  acid  in 
the  aqueous  solution  probably  decomposed  the  original  com- 
pound v;-ith  the  formation  of  ammonium  chloride.   All  at- 
tempts to  isolate  the  original  compound  failed.   The  mass 
of  chloride  and  urea  after  heating  was  extracted  with  ether 
and  chloroform  but  nothing  was  obtained.   It  completely 
dissolved  in  alcohol,  showing  that  the  amraonlum  salt  was 
not  the  original  compound.   It  was  deliquescent  and  verj 
soliible  in  alcohol  or  water.   No  intermediate  products  of 
the  reactions  were  ever  isolated  from  the  large  amoint  of 
urea  present. 

There  are  two  possible  theories  to  account  for  the 
formation  of  the  ammonium  salt,  as  /as  the  case  v/ith  the 
ammoniiun  salt  of  benzoylurea jDrthosulphonic  acid.   One  mole^ 
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cule  of  urea  riay  have  reacted  v/ith  one  molGcule  of  the 
chloride  to  form  a  ureid  compound 

c^u,  — --  soa^-^  N  conn 

-NO, 


which  on  hydrolysis  'vould  take  up  a  molecule  of  v/ater  and 
give  the  free  sulphonic  acid.   This  with  the  ammonium  chlo- 
ride formed  from  the  decomposition  of  the  urea  hydrochlo- 
ride 7/ould  give  the  ammonium  salt. 

The  other  explanation  is  that  two  molecules  of  urea 
may  have  reacted  v/ith  one  molecule  of  the  chloride  to  form 
a  diureid  compound 

^  com  OONH^ 
,  C^H^  ^  SOgKN  COITH^ 
^^NO^ 

The  urea  residue  in  the  sulphonyl  group  was  then  hy- 
diolized  to  the  airanoniuin  salt.   This  view   seems  the  mos?t 
probable. 

Action  of  Aniline  upon  the  Chlorides  of  Orthosulphobenzoic 
Acid. - 

The  action  of  aniline  on  these  chlorides  h-as  been 
the  subject  of  numerous  investigations  as  it  //^as  from  a 
study  of  these  derivatives  that  their  isomeric  stx'ucture 
was  first  recognized.   Three  prod\icts  were  i:3olated,  a  sym- 
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metrical    an^lid,    an  unsyinmetrical    anilid^and   an   anil. 
These  wero    clearly  shcvm   to   have   the   follov/inf^   structure. 

Syrnmetrical  Anilid     C^H^'^ 

^-   SO^HNC.H, 


Unsynmetrical  Anilid  C  H   ^0 


CO 


Anil  C,  H^ 


It  v-as  round  that  when  aniline  vmps  -.dded  to  an  emul- 
sion of  the  symmetrical  chloride  in  a  large  amount  of  cold 
water,  and  the  reaction  allov/ed  to  proceed  slowly, only  the 
symmetrical  anili«^  and  the  anit  were  formed,   With  the  un- 
syminetrical  chloride  under  similar  conditions  only  the  two 
anilids  were  obtained  but  with  a  much  larger  per  cent  of 
the  unsymmetrical  anilid.    These  facts  form  one  of  the 
chief  arguments  for  the  assignment  of  the  symmetrical  and 
unsymmet 

and  40^-. 

(1) 
List  and  Stein   have  recently  tried  the  reaction  of 

aniline  on  these  chlorides.   They  brought  the  chloride  and 

aniline  together  in  a  cold  ethereal  solution  and  obtained 

from  each  c'lloride  all  three  products.   They  thus  claimed 

(1)   B.  p.  1658   1898 
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that  the  action  of  aniline  on  the  chlorides  afforded  no 
good  grounds  for  assigning  the  sjTnnetrical  or  uns^/mmetrical 
stnictiire  to  either  chloride.   In  view  of  their  criticism 
a  careful  study  of  the  action  of  aniline  on  each  chloride 
was  made  under  various  conditions. 

The  relative  amounts  of  the  products  formed  depends 
largely  upon  the  method  employed  for  bringing  the  aniline 
and  chloride  together.   The  temperature  at  which  the  reac- 
tion takes  place  has  a  l^^rge  influence  upon  the  results. 
Either  chloride  when  heated  v/ith  aniline  alone  gives  a  mix- 
ture of  all  three  products,  the  reaction  being  very  violent 
in  case  of  the  unsymj-ietri  cal  chloride.   When  the  symmetri- 
cal chloride  is  dissolved  in  anhydrous  ether  or  chloroform 
and  aniline  added  no  reaction  takes  place.   If  this  solu- 
tion is  heated  on  a  water-bath  reaction  takes  place  only 
when  the  ether  or  chloroform  has  been  expelled.   This  is 
equivalent  to  heating  the  chloride  and  aniline  together  and 
all  three  products  are  obtained.   When  the  unsymmetri  cal 
chloride  is  dissolved  in  anhydrous  other  or  chloroform  and 
aniline  added  ^reaction  takes  place  at  once  and  all  three 
products  are  obtained. 

The  best  method  is  to  add  the  aniline  to  an  emulsion 
of  the  chloride  in  a  large  amount  of  cold  water.   Reaction 
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takes  place  slowly  without  the  evolution  of  heat.   With  the 
symmetrical  chloride  only  the  symmetrical  anilicl  and  anil 
are  obtained  while  v/ith  the  unsjnronetrical  cliloride  both  an- 
ilids  are  obtained  but  vith  a  much  larger  per  cent  of  the 
symmetrical  anilid.   The  following  results  confirm  the  pre- 
vious work  done  in  this  laboratory. 

Aniline  v/i  t h  the  Symmetrical  Chloride. 

Three  grams  of  finely  powdered  chloride  were  placed 
in  a  250c. c.  Erlenmeyer  flask  with  about  150c. c.  of  water. 
Aniline  in  the  proportion  of  four  molecules  of  aniline  to 
one  of  the  chloride  was  then  added  and  the  contents  of  the 
flask  vigorously  shaken.   At  first  there  was  no  apparent 
reaction,  the  chloride  simply  going  into  solution  with  the 
aniline.   After  the  lapse  of  three  or  four  hoi^rs  the  ani- 
line solution  gradually  solidified.   The  solid  mass  was  then 
broken  up  and  more  aniline  added.   The  resulting  viscous 
mass  was  allowed  to  stand  for  two  days  with  occasional 
shakings.   The  temperature  of  the  v/ater  throughout  the  ex- 
periment averaged  very  nearly  14'^. 

Hydrochloric  acid  was  then  added,  the  cntents  of 
the  flask  transferred  to  a  mortar  and  thoi'oughly  ground  up 
to  remove  the  excess  of  aniline.   The  filtrate  was  evapora- 
ted and  examined  for  any  trace  of  the  unsymmetrical  anilid. 
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If  present,  this  substance  would  appear  in  the  filtrate  as 
it  is  sparingly  soluble  in  watsr  and  is  not  decomposed  by 
hydrochloric  acid.   No  trace  of  the  unsymmetrical  anilid 
could  be  obtained  from  the  filtrates  of  a  large  niomber  of 
experiments. 

The  residue  was  then  treated  with  a  dilute  solution 
of  sodium  hydroxide.   The  undissolved  precipitate  consisted 
only  of  the  anil  pfoduot.   The  filtrate  yielded  on  acidify- 
ing with  hydrochloric  acid  only  the  symmetrical  anilid. 
From  this  precipitate  or  filtrate  no  trace  of  the  unsym- 
metrical anilid  could  be  obtained.   The  products  of  the  re- 
action were  only  the  anil  and  the  symmetrical  anilid.   The 
chloride  unaccounted  for  in  the  results  was  hydro l«i2  ed  to 


orthsulphobenzoic  acid, 


Chloride 

used 

Total  product , 

3  g. 

5.19  g. 

3  g. 

3.15  g. 

3  g. 

3.20  g. 

3  g. 

3.24  g. 

3  g. 

3.36  g. 

Anil  Symmet.  Anilid. 
1.96  g.  1.23  g. 
1,80  g.  1.35  g. 
1.94  g.  1.26  g. 
1.98  g.  1.26  g. 
2.01  g.     1.35  g. 


Chloride   converted        Chloride   converted 

to   Anil.  to    Symmet. Anilid 
1.81   g.  .84   g, 

1.66   g.  .91   g, 

1.79   g.  .85   g. 

1.83   g.  .85    g. 

1.85    g.  .91   g. 


Chloride 
unused. 
.30 
.43   g. 
.36   g. 
.32   g. 
.24   g. 


Anil  in  g  with   the  Unsyminetrical   Chloride. 

Tho  same  method  of  procej^dure  was    employed   in   these 
experiments    except    that   the  flasks   were   kept    in   ice  water 
for  several   hours   after   the    experiment   had    started.      Reac- 
tion   took   place  much   auickfeO'^han  with  the   symmetrical 
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chloride.   The  aniline  solution  became  solid  in  a  very 
short  time.   The  solid  mass  v/as  then  broken  up  and  more  an- 
iline added.   The  viscous  mass  was  allowed  to  stand  for  two 
days  with  occasional  shakings.   Hydrochloric  acid  was  then 
added,  the  contents  transferred  to  a  mcrtar^and  thoroughly 
ground  up  to  remove  the  excess  of  aniline.   From  the  fil- 
trate part  of  the  unsjonmetrical  anilid  was  obtained.   The 
precipitate  dissolved  completely  in  a  dilute  solution  of 
sodium  hydroxide  showing  that  there  was  no  anil  formed. 
Hydrochloric   acid  precipitated  a  mixture  of  the  anilids. 
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The  precipitate  v/as  washed  with  a  large  arnoi.int  of  water  to 
remove  the  unsyinmet rical  anilidt   When  a  constant  weight 
had  been  obtained  the  product  on  crystallizing  from  alcohol 
gave  only  the  symmetrical  anilid.   The  products  of  the  re- 
action v.'ere  only  the  sjmTmetrical  and  unsymmetrical  anilidS, 
but  with  a  much  larger  per  cent  of  the  uns^Tnmet rical  pro- 
duct.  The  chloride  unaccounted  for  in  the  following  re- 
sults was  probably  hydrolJzed  to  orthosulphobenzoic  acid. 

Chloride  used  Total  prod.  Sym.  Anilid  Unsym.  Anilid. 
3  g.  3.81  g.  1.56  g. 
3  g.  3.70  g.  1.42  g. 
3  g.  3.75  g.  1.45  g. 
3  g.  3.78  g.  1.49  g. 
3  g.          3.86  g.         1.55  g. 

Chloride  converted  Chloride  converted 

to  Sym. Anilid.  to  Unsym.  Anilid. 

1.05  g.  1.53  g. 

.96  g.  1.55  g. 

.98  g.  1.56  g. 

1.01  g.  1.56  g. 

1.05  g.  1.58  g. 


2.25 

g. 

2.28 

g. 

2.30 

g. 

2.29 

g. 

2.31 

g. 

Chlor: 

Lde 

unui 

sed. 

.42 

g. 

.49 

g. 

.46 

g. 

.43 

g. 

.37 

g. 
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Conclusions. 

Several  facts  have  been  established  during  this  in- 
vestigation. 

Thn  chlorides  of  orthosulpho benzoic  acid  can  be  eas- 
ily obtained  in  any  desired  quantity.   A  new  method  of  pre- 
paring the  unsyTTimetrical  chloride  of  paranitroorthosulpho- 
benzoic  acid  has  been  devised  which  is  much  preferable  to 
the  old  one. 

From  the  action  of  urea  on  the  chlorides  of  ortho- 
sulphobonzoic  acid  the  final  product  in  each  case  was  the 
ammonium  salt  of  benzoylyureaorthosulphonic  acid.   The  in- 
termediate products  of  the  reaction  were  not  isolated. 

From  the  action  of  urea  on  the  chlorides  of  parani- 
troorthosulphobenzoic  acid  the  ammonium  salt  of  paranitro- 
benzolyureaorthosulphonic  acid.  The  intermediate  products 
of  the  reaction  were  not  isolated. 

Aniline  acts  upon  the  symmetrical  chloride  of  ortho- 
sulphobenzoic  acid  with  the  formation  of  only  the  anil  and 
the  symrnetrical  anilid. 

Aniline  acts  upon  the  unsymmetrical  cl"iloride  of  or- 
thosulphobenzoic  acid  with  the  formation  of  both  anilids 
but  with  a  much  larger  per  cent  of  the  unsyinmetrical  pro- 
duct. 
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